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g 29 APR 1983
SUBJECT: .
; ) Chlorpyrifos in or on Soybeansg.
i Evaluation of Residue Data and Analytical Methods.
FROM: Elizabeth M. K. Leovsy, Ph.D., Chemist, |
RCB, HED (TS~769) . . e

TO: chuck Mitchell, (PM #12), D (TS-767) and TOX (FS~769)

THRU: Richard D. Schaitt, m.nw, BED (TS-769) -

Dow Chemical Company requests the establishment of tolerances for
combined residues of the lnsecticide chlorpyrifos [9,0-dlethyl
0~-(3,5,6~trichloro~2-pyridyl) phosphorothicate] and its
metabolite 3,5,6~trichlcro-2=pyridinol in or on the raw

—_ agricultural commodities.

TS O

R.8.C. ‘ Proposed Tolerances -~ T

Soybeans 1 ppm , |
Soybean forage 8 ppa \
Soybean gtraw 15 ppm ‘
Fat, meat, and meat

by~products of goats ‘ A

and shaep 1 ppm - .

e Egtablished tolerances (40 CPR 180.342) range from 2 ppm in or on

broccoli, cabbage and cauliflower o (.05 ppm for a variety of
comnodities. 7Zolerances have also been established for the fat,
meat, and meat by-products of cattle (1.5 ppm), goats, hogs, _-~
horses and sheep (0.1 ppm}, turkeys (0.2 ppm) and other pomltry
(0.01 ppm); eggs (0.01 ppm); and milk fat (0.25 ppm, 0.01 ppm in
whole milk). The petitioner is proposing to amend the tolera.ncea
for fat, meat and meat by-products of goats and sgheep.

g

Tolerances have been reccomended for nectarines, rutabaga roots,
radishes, and cole crops. Tolerance proposals are still pending
for a variety of crops as requested in PP# 6P1830, PPB 82092,
PR 972193, PPE¥ 9E2215, PP# 952168, Far# 985204, PP# SF2221, FAP#
SH5227 and PP# OF 2281,

Conclusions

1s A mainimum time pariod between applications of lorsban 4E
should be indicated on the label. :

2a. Chlorpyrifos undergoes extensive metaboligm in or on
soybeang. A number of metabolites in the bean metabolism
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study ramain to be identifled. Congequently, the plaat
metabolism of chlorpyrifos is not adequatsly delineatsd for
the propesed use. Further identification of the residus in
the availabls plant metabolism studies is needed. If any
additional metabolites are judged in need of ragulation,
then appropriate processing stndies and residee data
determined by s validated analytical method (which may have
to mdergo a method trial) will be needed.

The animal metabolism of chlorpyrifos is not adequately
characterized. The petitionar should glucidate metabolism
of radiolabaled chlorpyrifos in a lactating goat.
Purthermora, should other serabolites require regulationm as
a result of the resolution of conclustien 2a, additional
animal metabolisa studies of these metabolit=s may be neaded.

Adeguate analytical methods are not svailable to anaforce the
proposed tolerancs for residues of chlorpyrifos and TCP
bacause the apparent residues on untreated samples are
excaptionally high sspseaially on the straw. Tha pezitioner
should sither sxplain vhy certain controls ars high oxr
improve the msthods {tha iaproved method may have to undsrgo
a2 mathod trial) or submit additional data.

e method is adeguats for obtaining residus data.

The residus data is inadequate because of the small aumber
of field studies for forage and straw (hay), lack of data
reflecting aerial applications aad broad range of residue
levels. Ths petitioner ls advised to collect additional
zesidue data from the major soybean preducing stares
reflecting the maximum proposed use and forage and strav,
aerial applications {or delete this use from Section B), tha
granulay formulation and all raegulated residues ineluding
significant matabolites found in ths plant matabolism
studias. If and when the tolavances are proposed, the
tolerance for straw should be expressed in terms of hey.

The proceasing study involvas the analysis of ong soybean
gample. The pressnce of low residues on soybeans and
rasidues in or on meal equal to that of soybeans, gives us
»o asgurance that meal residues would not exceed those in
the bean and that a food additive tolerance ig not nesded
for meal. The petitionar is adviged to perform a procegzing
study using soybeans fortified with ths regulated componenta
of the residue at the tolerance level, %He will withhold
judgement on whather a food additive tolerance is necded for
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the othex processed fractions mntil the plant wgtabalisn
qaeation i3 resclvad.

5. tue o conclugions 2a, 2b, 48 and 4D, we cannot conclude
whather sscondary residues ia meat, milk, pouliry and sgygs
will exceed existing or proposed tolerances. e will
withhold a cenclusion on the proposed increases in
tolerances for neat, fat 2nd meat by-products of goats and
sheep uvatil thase deficlenciss are resolved.

Recomsendations

Wa racomasnd agsingt the propossd toleorances for the reasons cited
in conclusiona 1, 23, 2b, 4a, 4b, and 5. A favorable reocom~
zendation 1 contingent upon resclution of thaee deficienciszs.

Dexailed Considezations

Poreulations

Lorsban 45° (2PA Ragistrstion Mo. 464-448) and Lorsban 15G°
(EBA Reﬁ*atxatian Roa 464»523} a g*analax farmlulat nm, are

- 2P 1458 {aemo:

he mancfaceuring procass has been described in our reviae of PPe
As Swmith, 5/3/7 Tha lmapurities in the techmical

sevan ccnponndn. ¥Ws 4o not sxpect tha inputities in lorshan to
praszent a residus prehlea due to the dilution ratea upon
appiication.

Propaoed Jes

Lorshan 4% is to bz uzad for contrel of the following pasts &t the
dosagnn indicated;

irsger cornstalk borar, 2 1b ai{/A at planting or post-smargunce
in 2 4 o 18-inch-wide band followed by light lacorporationy 1 12.
ai/h 2% gracking in 3 § to i10-imch wide band followed by 2 second
apray 35 davs afver zhe initial troatment.



P

i .

Catworms, Buropean corn borer, corn earworm, southesrn green stink
bug, bean leaf beetle, Mexlican bean beetle, armyworms, velvetbean
caterpillar and green cloverworm at rates up to 1 1b ai/A as a
broadcast, foliar spray using ground or aerial eguipment when
field counts indicate damaging insect populations are developing
or present; re-treat if necessary.

Restrictions ars: do not apply more than 5 1lb ai/A per season,

do not apply within 28 days before harvest, do not allow livestock
to graze in treated areas nor otherwise feed treated soybean
forage to meat or dairy animals within 14 days after application,
and do not feed straw from traated soybeans to meat or dairy
animals within 28 days after application.

Lorsban 15G, for contrel of the larvae of the lesser cornstalk
berer iz to be applied at planting time or post—emergence as a
band {row) treatment ai the rate of 1.2 oz ai/1000 £t of row (1.8
1b ai/a for 21-inch row space to 1 1b ai/A for 40 in. row

space), and incorporated into the top 1 iach of soil by placing in
a & to 7-inch~wide band. The label bears the restriction: <o not
meke more than one application per season.

A minimus time period betwsen applications of Lorsbhan 4E should be
indicated on the label. .

Nature of Residue

Plant

No metabolism data was submitted with this petition. The
information is available in PP# 3F1306 and last discussed in our
review of Ppé 9P2221 (memo: EB.M.X. Leovey, 2/8/80).

Briefly, the metabolism of both S°CL and '4C-chlorpyrifos has
been obaerved in bean and corn plants. Chlorpyrifos is
translocated to only a limited extent from the surface of leaves
and from soll., Chlorpyrifos undergoes degradation in ultraviolet
light rsadily in the presence of water by dechlorination to the
formation of diols and triols which can undergo ring cleavage.
Under prolonged irradiation, the products were apparently carbon
dioxide, ammoniuvm carbonate and sodivm chloride. The activity
translocated after application to leaves could partially be
ultraviolet decomposition products.

Actual plant metabolism is via hydrolysis to ethyl 3,5,6~trichloro~
2-pyridyl phosphate; 3,5,6~trichloro~2-pyridyl phosphate; 3,5,6~
trichloro~2-pyridinol (¥CP); and material postulated to be a TCP



ek

( -

conjugate which comprises 4-29% of the translocated material. TCP

can undergo dechlorination and formation (as observed in UV
degradation) of diols and triols which can be conjugated or
incorporated into natural plant constituents.

In seil, chlorpyrifos is slowly hydrolyzed to TCP. The extent to
which TCP is translocated is dependent on pH. Above pH 7, the
salt form predominates and, due to its water solubility, is
readily translocated. The majority of the material translocated
from the soil to plants was unidentified but considered to be
derived from TCP. The existence of a conjugate was ruled out in
corn since TCP residues were not increased by enzymatic
hydrolysis.

},f .
Based upon the residue data, residues of TCP could bs greater
than or equal to residues of the parent. This would indicate that
chlorpyrifos undergoes extensive metabolism in or on soybeans.
Since a number of the metabolites in the bean metabolism study
remain to be elucidated and residues of chlorpyrifos and TCP are
significant, we conclude that the nature of the residue ig not
adequately delineated for the proposed use. (This question did
not arise in connection with earlier uses on field crops because
those uses were aither at planting or were seed treatments.)

The petitioner ghould identify the uncharacterized TLC spots in
the plant metabolism studies.

Animal

Metabolism in animals has been described in o revi§g of PP#
3Fr1306 (memo F.D. Gee, 3/1/73}. In rakts, C and
chlorpyrifos and  C-TCP were extensively eliminated in the
urine and feces. Only 1.1-2.5% of the dose remained in tissues
with residues highest in'liver, kidney, stomach and blood.

Five ppm (cold) chlorpyrifos was fed to a lactating cow ‘for four

* days. After methylation, urinary metabolites were identified

{based upon GLC retention times) as the methyl esters of
disthylthiophosphate and diethyl phosphate which were 35.9 and
26.8% of the insecticide fed. No chlorpyrifos was found in milk
or urine. Approximately 1.7% of the chlorpyrifos fed was found in
the faces. Samples were not analyzed for TCP.

Chlorpyrifos has been concluded to be metabolized in animals by
oxidation and hydrolysis to phosphoric acid-type compounda and ICP
which may be further broken down to coz.



However, these studles were performed somemtime ago, 1973; the
metabolism of radiolabeled chlorpyrifos has not been elucidated in
a lactating animal or a large animal and othexr metabolites have

been cobsarved in cattle and humans. In cattle fat, a metabolite
0,0,~dlethyl-0~(3,6-dichloro-2-pyridyl) phosphorothiocate has been
detected (J.A.0.A.C. 52, 1081 (1976)) and in human liver, a
major metabolite has been identified as similar to chlorpyrifos .
with a methylthio (~SCH,) group substituted for a chlorine on
the pyridinol ring (Ag. Food Chem. 26(1) 118 (1978)). With the
o , identification of these metabolites, further animal metabolism
S studies are. now warranted due to the request to increase the

' N tolerance for residues in goats and sheep. The petitioner should
elucidate the metabolism of radiolabeled chlorpyrifos in
lactating goats.

Furthermora, if additlonal metabolites from furthexr plant
metabolism studies are judged significant and in need of

regulation, animal metabolism studies of these compounds may need
te be conducted.

Analvtical Methods

Chlorpyrifos

Chlorpyrifos is extracted from soybeans, and soybean forage,
straw, meal and hulls {method ACR 73.5.51) by blending with
acetona. After filtratgion‘and evaporation of the acetone, the
residue is partitioned into hexane {soybean oil and soap stock are
dissolved directly in hexane), then partitioned into acetonitrile
and cleaned up on a silica gel column. The eluate is
concentrated. The residue is dissolved in acetone and analyzed by
gas chromatography using a flame photometxic detector which is
highly specific for phosphorus.

Apparent residues on untreated samples ranged from 0.004-0.054
ppm, 0.001-1.93 ppm and 0.001-0.047 ppm for forage, straw and
soybeans. Recoveries ranged from 74 to 110% at fortificationm
ievels for forage, straw and soybeans of 0.01 to 50 ppm, 0.01 to
5,0 ppm and 0.01 to D.1 ppm respectively.

3,5,6=-Trichloro~2~pyridinol

Residues of TCP are determined by heating soybeans or soybean

forage, straw or processed fractions with 10% sodium hydroxide in
methanol. Residues of chlorpyrifos and chlorpyrifos intexmediate
hydrolytic metabolites are hydrolized to TCP. Actual TCP residues
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ara determined by difference. The contribution from chlorpyrifos
as determined by an independent method is asubtracted.

After blending, the extract is filtered. The filtrate is diluted
with water, sodiuvm chloride is added and the solution is washed
with disthyl ether-hexsne. After acidification, TCP i3 extracted
into diethyl ether~hexane and chromatographed on an acidic alumina
column using diethyl ethexr/pH 6.5 buffer,

From the ether eluate, TCP is partitioned into dilute ammonium
hydroxide. After washing with benzene and acidification, TCP is
partitioned into bsnzene. . An aliquot of the benzene phase is
treated with #H,0-bis(trimethyl-=silyl) acetamide to form the
trimathyl-silyl derivative which is determined by gas
chromatography using an slectron capture detector.

Apparent residues on untreated samples ranged from 0.012 to 8.110
ppa, 0.004 to 1.19 ppm and 0.008 to 0.093 ppm for soybesan forage
and straw and goybeans respectively. Recoverles ranged from 72~
97% at fortification levelis of 0.05-23% ppm TCP and 0.18 and 1.8
ppa chlorpyrifosy 0.05-10 ppm TCP and 0.9 and 1.0 ppm
chlorpyrifos; and 0,05 to 1.0 ppm TCP and 0.09 ppam chloxrpyrifes
for soybean forage and styaw and soybwans respectively.

‘;TIRéEEéerj data is also provided for the processed products: hulls,

edtracted meal, crude soybean oil, refined soybean oil, refined
bleached soybean oil and soap stocks, Apparent regidues in controls
ranged from 0,01 - 0.02 ppm. Recoveries ranged from 80 to 100% at
fortification levels of 0.01 to 0.05 ppm chlorpyrifos '
{chlorpyrifos method) and 0.05 to 0.1 ppm TCP (7TCP method) with

onge sample per residue component per processed product.

Both methods are in PAM IX, and 2ZPA has conducted a succegsful
methed tryout con a modified method to determine chlorpyrifos
residues in or on peaches. Recoveries rangsd from 84~943% at
fortification levels of 5.025~0.,05 ppm. Tha difference between
the method sulmitted and the method for peaches was the
elimination of an extraction stap.

EPA parformed a successful method tryout using the TCP method on
bananas but without the initial alkaline hydrolysis step and
partitioning into benzene. Recoveriss ranged from 88~94% at
fortification levels of 0.05%~0.1 ppa.

¥hile recoveries are adequate, apparent residues on untreated
controls may be high, approximately 3.00 ppm for soybsan astraw.
The petitioner zhould either explain why these levels were high,
improve the method (the improved method may have to undergo a
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method trial) or submit additional data to asgsure us that zome of
these reported control residue levels are "outliersg.*

The method is adequate for obtaining residus datas it cannot be
concluded to be adeguate for enforcement at this time.

If it is concluded that other metabolites should be raguleted,
the submission of appropriately validated analytical methods,
which may have to undergo a method trial, will be necessary.

Regidue Data

Data was obtained from seven field studies in the states of
Illinols (2), Missisaippi, Michigan, Iowa, Nebraska and North
Carolina for soybeans and soybean straw. Green forage residue
data was obtained from two studies in Illinois and Mississippi.
A1l applications were apparently by ground rig in combinations of.
2, 8.5, 0.5 and 1 lb ai/As 0.5, 0.5, 1 and 1 1b ai/a; and 2,
0.5, 0.5, 1 and 1 1b ai/A for a total of 3 to 5 1b ai/A in 4 or
5 applications. PRIs ranged from 28 to 51 days for straw and
soybeans and from 1 to 22 for green forage. Ona zoybean residue
study was performed in Michigan at 4, 1, 1, 2, and 2 1b/a (10
lh/ A tﬂtal) »

Residues for soybean forage were 26.4~537.6 ppm at a {~-day PHI, 8.0
to 15.0 ppm at a 7-day PHI, 1.7 to 7.3 ppm at a 14~day PHI and

0.05 to 5,6 ppm at PHI's of 204 days.

Reaidues in or on soybeans and straw ranged from non-detactable to
.82 ppm and 0.5 to 15.4 ppm respectively.

Ho residue data was sulmitted for aerial applications. The
petitloner should either deleta thisg use from Section B or provide

data for forage, straw and soybeans.

Combined residues of chlorpyrifos and TCP in or on soybean forage
and straw may exceed the proposed tolerance. Due to the mmall
number of studies raflecting forage and the broad range of
residve levels for straw, the petiticner should submit additional
ragidue data reflecting these rac's.

We cannot conclude that the proposed tolerance for goybeans is
adequate to cover residues of chlorpyrifoa and TCP until guestions
concexning aerial applications are resolved. The tolerance should
reflect all rogulated metabolites. The petitioner is advised to
collect additional data from the major soybean producing states
{Arkansas, Iowa, Minnesota, Missouri and Chio) reflecting the
maximwn proposed use, aerial applications and use of the granular
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formulation and include analyses for all regulated rasidues
including any significant metabolites found in the additional i
requested plant metabolism work. If and when the tolerance is
astablished, the tolerance for straw should be expressed in the
terms of hay.

A processing study was submitted. Soybeans treated at a total of.

10 1b ai/A were processed in a bench scale hexane extraction

which is similar to common industrial processes (R. Bischoff, Dow,
-, 2/8/80). 'The hulls, extracted meal, crude soybean oil, refined

. f\j soybean oil, refined bleached soybean oil and soap stock wera

st ;% analyzed. Combined residues of chlorpyrifos and TCP were 0.1,
RS o 0.13, 0.01, 0.02, 0.02, <0.05 ppm respectively while residues on
the soybeans were 0.14 ppm.

Considering that the sensitlvity of the methods {reported as
validated at 0.01 ppm and 0.05 pprm chlorpyrifos and TCP
respectively), the apparent residue on untreated samples (0.02
ppm) and that data wers reported for only one sample, we conclude
that residue in meal is at least equal to that of soybeans. We
have no agsurance that it will not exceed the residue on goybeans
and thereby require a food additive tolerance, particularly since
in the study submitted the residues on soybeans were far less than

. the proposed tolexance. The petitioner should gubmit data for a
processing study where soybeans are fortified with chlorpyrifos,
ICP and any other regulated metabolites at the proposed tolerance
level. ‘ R '

Heat, Milk, Poultry and Eggs

Soybeans and soybean meal, hulls, forage straw and soap stock are
liveatock feed items; and soybaans, meal and scap stock are
poultry feed items. The petitioner proposes to increase the
tolerance for the meat, fat and meat by-products of goats and
sheep because of an increase in the dietary burden of chlorpyrifos
and TCP from the feeding of alfalfa forage and hay (PP# 0F2281)
and soybean forage and straw. We cannot draw a conclusion on the
feeding level because of inadequate residue data and questions on
the nature of the regidue in animals and in both alfalfa and
soybeans, Conseguently we cannot judge whether existing or
proposed tolerances are adequate. A cattle feeding at up to 100
ppR and a hog study at up to 10 ppm appear to be an adequate basis
upon which to draw meat and milk conclusions. We will withhold a
conclusion on these proposed tolerance increases until these
deficlencies for alfalfa and soybean tolerances are resolved.
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